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There is substantial evidence that physicians frequently do not follow hypertension management guidelines and that current physician practice patterns represent a major barrier to the treatment and control of hypertension. 9,9 -20 Based on a low rate of treatment of those who were aware of having hypertension (Figure 1 ), an effort to improve the treatment and control of hypertension in Canada by healthcare professionals, the Canadian Hypertension Education Program (CHEP), was formed in 1999. 21, 22 The program annually updates evidence-based hypertension management recommendations and has an extensive knowledge translation program to assist healthcare professionals to adopt and implement these recommendations. Canada has regular national health questionnaire surveys that assess the diagnosis and pharmacotherapy of hypertension and, thus, presents a unique opportunity to assess the impact of CHEP. In this article, we provide the self-reported prevalence of diagnosed hypertension and treatment of hypertension in adult Canadians before and subsequent to the implementation of the CHEP in 1999.
Methods
Data were obtained from the National Population Health Surveys over 2-year periods (cycle 1: 1994 to 1995; cycle 2: 1996 to 1997; cycle 3: 1998 to 1999) and the Canadian Community Health Surveys over 1-year periods (cycle 1.1: 2000; cycle 2.1: 2003). Both the National Population Health Surveys and Canadian Community Health Surveys are population-based surveys using multistage probability designs with stratification and clustering at various stages. Respondents are representative of Canadian household residents aged Ն12 years from all of the provinces excluding residents of Indian reserves or Crown lands, institutions, some remote areas, and full-time members of the Canadian Armed Forces. The response rate for all of the surveys was Ͼ80%. Further details of the sampling procedures, designs, and response rates appear elsewhere. 23, 24 All of the adult subjects of the National Population Health Surveys and Canadian Community Health Surveys who were Ͼ20 years of age, resided in a province, and were subjected to the chronic disease and drug use survey components were included in our analysis (National Population Health Survey cycle 1: nϭ15 157; National Population Health Survey cycle 2: nϭ62 666; National Population Health Survey cycle 3: nϭ13 359; Canadian Community Health Survey cycle 1.1: nϭ25 956; Canadian Community Health Survey cycle 2.1: nϭ28 344). The Canadian Community Health Surveys included respondents living in the territories, and the National Population Health Surveys did not; therefore, only provincial residents were included in this study. In year 2000, data were collected from Ontario participants only, because the questions on treatment were not included in the other provincial surveys. In year 2003 (cycle 2.1), the question concerning prescribed antihypertensive medication was asked of a subsample of respondents (nϭ28 344); consequently all of the analyses for that cycle are based only on the subsample, which was weighted to represent the Canadian population as a whole.
Participants were asked whether they had hypertension diagnosed by a healthcare professional and whether they were prescribed antihypertensive medications in the previous month (Table) . There were very small changes in the questions over the surveys. 25 Those who reported hypertension or treatment for hypertension were considered to be diagnosed hypertensive individuals. Prevalence rates and corresponding CIs were age standardized to the year 2003 and weighted to reflect the size of the adult Canadian population (Ϸ21.5 million adult Canadians). To account for the survey design effect, coefficients of variation and P values were estimated, and significance tests were performed using the bootstrap technique. 26, 27 The significance level was set at PϽ0.05. Piecewise linear regression was used to calculate the average annual increase in rates before and after 1999. Tests of interaction, within linear regression, were performed to assess differences between men and women.
Results

Diagnosis of Hypertension by a Healthcare Professional
Since 1994 there has been a very large increase in the prevalence of Canadians aware of having hypertension diagnosed by a healthcare professional (Figure 2a ). For men and women together, between 1994 and 1998, the prevalence of diagnosis of hypertension increased from 12.37% to 14.07% (average annual increase: 0.52%; age standardized/2003 Canadian Community Health Survey sample population as standard); and between 2000 and 2003, the increase was from 16.90% to 18.74% (average annual increase: 1.03%; age standardized/2003 Canadian Community Health Survey sample population as standard) The post-1999 doubling in the average annual increase was statistically significant (PϽ0.001). The increase in Canadians reporting a diagnosis of hypertension was 51% between 1994 and 2003. The rate of increase in diagnosis was different between men and women, with a greater increase in men after 1999 (Figure 2a ; average annual increase: 1.27% versus 0.80%; PϽ0.001). However, the prevalence rates were still higher in women than in men over the entire time period. Older individuals, both men and women, were more likely to be diagnosed with hypertension than younger individuals (Figure 2b ).
Prescription of Antihypertensive Medications
There was a very large increase in individuals reporting being prescribed medications for hypertension from 1994 onwards (Figure 3a) . Prescriptions of antihypertensive medications 45 The black aspect of the pie chart represents 66% of the adult Canadian population who was aware of having hypertension and were treated with antihypertensive drugs in the Canadian Heart Health Surveys (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) . The clear aspect of the pie represents the 33% of those who were aware of having hypertension and were not treated with antihypertensive drugs.
Questions on Hypertension Awareness and Treatment in the Canadian Community Health Survey 2.1 25
Now I'd like to ask about certain chronic health conditions which [you/subject's name] may have. We are interested in "long-term conditions" which are expected to last or have already lasted 6 months or more and that have been diagnosed by a health professional . . . . high blood pressure?
Now I'd like to ask a few questions about ͓your/subject's name͔ use of medications, both prescription and over-the-counter. In the past month, that is, from ͓date one month ago͔ to yesterday, did ͓you/subject's name͔ take: . . . medicine for blood pressure?
increased from 9.57% to 11.38% between 1994 and 1998 and from 14. 
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Older individuals, both men and women, were more likely to report being prescribed antihypertensive medications than younger individuals (Figure 3b ; PϽ0.001). In 2003, Ϸ50% of Canadian women Ն60 years of age were prescribed antihypertensive medications (Figure 3b ).
Diagnosed Hypertensives Who Were Not Treated With Antihypertensive Medications
The proportion of individuals who were diagnosed with hypertension but were not treated with antihypertensive medications is an indication of the intensity of therapy prescribed by physi- 
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cians. In 1994, 31.47% of men and women who were diagnosed with hypertension were not treated, although in 2003 this was reduced by more than one half to 15.34% untreated (Figure 4a ). There was a 5-fold change in the rate of decrease in the proportion of those diagnosed who were not treated before and after 1999 (average annual increase: Ϫ0.63% versus Ϫ3.23%;
PϽ0.001).
Overall, there was a larger percentage of diagnosed hypertensive men not treated with drugs between 1994 and 2003 than women (Figure 4a ). There was a consistently large age effect, with higher percentages of younger than older aware Canadians who were not treated with drugs (Figure 4b ; PϽ0.001). 
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To determine whether the inclusion of data from only Ontario in year 2000 had influenced the results, we compared the age standardized rates of awareness of hypertension, treatment of hypertension, and aware hypertensive adults who received antihypertensive medications between Ontario and the rest of Canada for the years 1994, 1996, 1998, and 2003. The greatest difference in rates was Ͻ1% for any comparison in any year.
Discussion
The results from the present study demonstrated that there have been very large increases in the diagnosis of hypertension and prescription of antihypertensive drug therapy in Canada between 1994 and 2003. The rate of increase in the diagnosis of hypertension and prescription of drug therapy for hypertension approximately doubled after the introduction of a national program to educate healthcare professionals on the management of hypertension (CHEP) in 1999. An important marker of quality of care is the percentage of hypertensive patients who are aware of having hypertension but are not being treated. In the last physical measures survey of hypertension in Canada (1985-1992), 33% of adult Canadians who were aware of having hypertension were not treated pharmacologically ( Figure 1) . 6 This remained essentially unchanged at 31.5% in 1994 but decreased to 15% in 2003 with a 5-fold higher rate of decrease in the proportion of aware hypertensive Canadians who were not prescribed antihypertensive drugs after 1999.
Our study demonstrated that a national education program aimed at healthcare professionals was associated with a reduced "gender gap" in hypertension management in Canada. In Canada, like the United States and England, men are less aware of having hypertension and are less likely to receive drug therapy than women. 6, 7, 28, 29 The rate of awareness of hypertension and drug treatment of hypertension have increased more markedly in men than in women in Canada since the introduction of CHEP. Consistent with our observations, there were greater increases in the rate of initiation of antihypertensive therapy in men than in women in Ontario Canada between 1994 and 2002. 30 This suggests that a portion of the gender gap in hypertension diagnosis and treatment is related to healthcare practitioners and is amenable by educational programs. Between 1988 and 2000, in the United States, drug treatment of hypertension and treatment and control of hypertension has also increased in men, but unlike our study there was no increase in women. In England there has been an increase in awareness, treatment, and control of hypertension in both men and women between 1994 and 2003, 28, 29 and although the gender gap remains for treatment, there was a closing of the awareness gap. 29 To our knowledge, large national changes in diagnosis and hypertension have not been formally associated with specific educational or guidelines interventions in the past.
Our study also found that large proportions of adult Canadians under age 40 years who are aware of having hypertension are not treated with antihypertensive drugs, and this has not changed with the introduction of CHEP. Some of these patients are likely to have a low short-term cardiovascular risk. Nevertheless, few hypertensive Canadians are at low risk, and many of the patients may have indications for antihypertensive therapy. 31 Educational programs developed with CHEP have largely focused on treating older Canadians with hypertension and may be a possible explanation for this observation. Further determination of the cardiovascular risk of younger hypertensive Canadians is required, and specific educational programs on managing younger hypertensive may be required.
The CHEP is a volunteer program that was specifically designed to influence the clinical care provided by healthcare professionals, using approaches proven to influence prescribing patterns in small clinical trials. [32] [33] [34] [35] CHEP is particularly unique in having annually updated recommendations that involve most national clinical hypertension specialists in Canada. 22, 36 The evidence-based process is highly structured to reduce bias, increase transparency, focus on patient outcomes, and use rigorous research designs, thereby reducing debates based on personal opinion. The process that reviews contentious issues and new evidence annually results in a high level of support from those involved. Annual updated educational tools have an extensive and expanding dissemination program. 21, 35 Didactic and workshop-based educational sessions are held in most major centers by local and national opinion leaders. Many of the sessions are based on programs that directly use standardized CHEP educational material or programs endorsed by CHEP, and "train-thetrainer" sessions have been used extensively. Periodic clinical updates have been shown recently to influence prescribing. CHEP published periodic updates in Յ22 clinical journals per year since 1999. 35, 37 Furthermore, the summaries have emphasized a limited (5 or 6) number of key learning points. Many different learning tools (posters, summaries, 1-page handouts, pocket cards text books, and power point slide sets) have been produced to meet the individualized needs of different clinicians. They are available at http://www.hypertension.ca. The use of multiple strategies has been shown to be more effective than any one single strategy. 34, 38, 39 The extensive, broad dissemination of CHEP recommendations is, therefore, a plausible explanation for the increases in drug prescribing patterns for hypertension observed in our study.
The results of this study are consistent with other sources of information on drug prescribing in Canada. Large increases in the rate of prescriptions of antihypertensive drugs in Canada were reported from commercial drug databases between 1995 and 2001 with a more marked increase in prescription rates coinciding with the introduction of the CHEP. 40, 41 There were also increases in the initiation of antihypertensive drugs in the elderly living in Ontario between 1994 and 2002. 30 Several limitations of the present study are worth noting. The surveys used in this analysis did not measure blood pressure and relied instead on self-reports or proxy responses. In addition to being subject to the usual biases concerning recall, the situation is further complicated by the semantics surrounding the terms "hypertension" versus "high blood pressure" in respondents with controlled hypertension. Lack of awareness of a hypertension diagnosis on the part of the individual, given the lack of symptoms, also presents a measurement challenge. Consequently, for the purposes of this study, any respondent reporting being treated for hypertension, whereas not reporting him or herself as having high blood pressure, was recoded as having hypertension. The question on treatment for hypertension also has limitations, because some respondents will have been treated for other indications (eg, ischemic heart disease), as well as hypertension, and may not attribute the treatment to hypertension. This could lead to underreporting of antihypertensive treatment. The design of this study is also limited by the methodology of the National Population Health Surveys and Canadian Community Health Surveys in terms of overall design and sampling, which, although largely consistent over time, have changed slightly from cycle to cycle. In summary, this study found a large increase in the diagnosis and treatment of hypertension in Canada when a healthcare professional education program started. The observational nature of the study precludes a cause and effect relationship from being established, and any combination of uptake of management recommendations, clinical trials data, local and regional initiatives, and changes in the healthcare system to improve the management of chronic noncommunicable diseases could affect the diagnosis and treatment of hypertension. More extensive analysis, including a national survey that includes blood pressure measurement and examination of national hospitalization and mortality data for hypertensive complications, is planned. There are also concerns regarding the increases in treatment of hypertension, because almost one half of Canadian women over age 60 years are currently taking antihypertensive therapy. This points to large gaps in programs to prevent hypertension.
Perspectives
Globally there is an epidemic of cardiovascular death and morbidity. 4, 42 Hypertension is the leading risk for death globally, in part, because of the lack of awareness, treatment, and control. 1 Unfortunately, there are few models of how to improve hypertension treatment and control on a national scale. Improved treatment and control of hypertension has recently been achieved in England after the introduction of government payments to physicians for achieving specific hypertension management targets. 28 Although there has been no formal analysis, government run programs to improve hypertension management have been associated with improved awareness and treatment of hypertension in the United States and Finland. 43, 44 In this article, we have reported very large increases in the diagnosis and treatment of hypertension in Canada, associated with an education program targeted toward healthcare professionals. The CHEP, therefore, provides a model for improving hypertension management. The program was initiated by a hypertension society, is run by volunteers who are largely hypertension specialists, and can be generalized to other countries with hypertension societies. 36 Beyond science and training, hypertension societies need to take greater responsibility for the treatment and control of hypertension in their respective countries.
